can be expressed as:
Water yield = PPT -EYk S
where water yield includes surface and subsurface flow, and any percolation to groundwater; PPT is precipitation; ET is evapotranspiration; and S is the change in water stored in the soil profile or regolith (Hibbert 1979) . If evapotranspiration can be reduced by altering vegetation, water yield will increase, the magnitude of which depends on the change in stored soil water. Numerous studies have evaluated the water budget of forest and scrub woodlands, and excellent reviews of the literature are provided by Bosch and Hewlett (1982) and Hibbert (1983) . Relatively few studies have evaluated components of the water budget for mesquite-dominated rangelands (Richardson et al. 1979 , Carlson et al. 1990 ). Rechenthin and Smith (1964) estimated that a comprehensive vegetation manipulation program could save 12,000 million m3 of water in the Rio Grande Plains of Texas. Tbe estimate was based on research conducted primarily in Arizona and California. They assumed that removal of woody plants would reduce evapotranspiration, increase soil water content and forage production, and significantly increase water yield. There is little data available from south Texas rangelands to support or refute this estimate. Walter (1971) proposed a 2-layer soil-water system to explain water use and the stability of savannahs. He proposed that herbaceous vegetation was a superior competitor for water in the topsoil and that woody plants had exclusive access to subsoil water. Knoop and Walker (1985) evaluated 2 Savannah communities in South Africa to test this hypothesis. In an Acacia community with 7 fold more herbaceous biomass, mature woody-plant growth was reduced from competition with herbaceous vegetation. Their soil water and root distribution data indicated that berbaceous vegetation utilization of water in the topsoil was sufficient to reduce drainage into the subsoil. Herbaceous vegetation also withdrew water directly from tbe subsoil in direct competition with woody plants. Heitschmidt and Dowhower (1991) and Carlson et al. (1990) evaluated the effect of removal of honey mesquite in Texas on herbage response and water balance. They reported that annual above-ground net primary productivity increased significantly following removal of honey mesquite. The increase was the result of increased production of the species present at the time of control rather than a shift in species composition. Evapotranspiration accounted for 95% of rainfall from both sites. They reported no net change in evapotranspiration, runoff, or drainage associated with removal of honey mesquite. Increased annual above-ground net primary productivity of the treated site offset any water yield benefit that accrued through removal of honey mesquite trees. Dugas and Mayeus (1991) reported that both percentage and absolute difference in evapotranspiration between treated and untreated mesquite dominated rangelands were greatest under dry conditions and were essentially zero immediately after rainfall. While mesquite used substantial amounts of water, evapotranspiration from rangelands with mesquite that was killed was essentially the same due to the increased annual above-ground net primary productivity of other species following mesquite control.
Two honey mesquite-dominated watersheds were evaluated in the Blackland Prairie region of Texas. Mesquite trees on 1 watershed were killed by hand application of 1 liter of diesel oil to the base of each tree. Removal of mesquite trees reduced evapotranspiration by 244 mm over a 3-year period and increased surface water runoff by 10% compared to an untreated watershed. Removal of honey mesquite had minimal effect on soil water in the surface soil profile during the growing season. The mesquitedominated community used considerably more water from the subsurface than did the herbaceous vegetation (Richardson et al. 1979) .
The effect of shrub communities on components of the water budget of western rangelands is not fully understood, and is poorly understood on mesquite-dominated rangelands in south Texas. The objectives of this study were to: (1) quantify the components of the water budget; and (2) evaluate the seasonal water use by mesquite-dominated shrub clusters, grass interspaces, and bare soil in south Tesas.
Study Area and Climate
The research area is located in Jim Wells County approximately 20 km south of Alice, Tex., on the Texas Agricultural Experiment Station, La Copita Research Area. Mean elevation of the 1,093 ha research area is 76 m above sea level. Normal rainfall for the site is 704 mm, of which 493 mm (70%) usually falls from April through September. Average annual snowfall is less than 5 mm. Convection-type storms of high intensity occur about 30 days a year primarily during the summer months (Orton 1969, and Minzenmayer 1979) . Mean annual temperature is 22.4" C and the mean frost free period is 289 days (Minzenmayer, 1979) .
The research site is located on a Delfina fine sandy loam (l-3%)~Miguel tine sandy loam (l-3%) soil complex, and is classified as a sandy loam range site. The soil closely resembles a Miguel fine sandy loam soil. The Miguel soil series is classified as a tine, mixed, hyperthermic, Udic Paleustalf. The Miguel soil series is in hydrologic group D.
The Rio Grande Plains of southern Texas have been classified as a Prosopis-Acacia-Andropogon-Setaria Savannah (Kuchler 1964) . The potential plant community is an open grassland with 90% of the area's cover composed of grasses and 10% of forbs and woody shrubs (Minzenmayer 1979) . Presently, the landscape is comprised of a matrix of shrub clusters and grass interspaces with 40% of the area occupied by shrub clusters. Shrub clusters range in size and complexity from a single mesquite tree with an average canopy area of 1.7 m* to dense shrub clusters with up to 15 woody species and an average canopy area of 56 m'. Species that commonly occur within the shrub clusters are honey mesquite, brasil (Condulia hookeri Hook), spiny hackberry (Celtis pallida Tot-r.), lime prickly ash (Zuntho.xylum fugara (L.) Sarg.), Agarito (Berberis trifoliota Moric.), Texas persimmon (Diospyros texuna Scheele), Texas colubrina (Colubrina rexensis (T. & G.) Gray), and wolfberry (Lycium berlundieri Dunal.). Many of the more productive grasses such as thin paspalum (Paspalum setaceum Michx.), root bristlegrass (Setariu genicularu (Lam.) Beauv.), and windmillgrass (Chloris verticillutu Nutt.) have been replaced by red lovegrass (Eragrostis secundijiola Presl.), red grama (Bouteloua trifdu Thurb.), threeawn (Aristidu spp. von Wolf), and common grassbur (Cenchrus echinatus L.). Taxonomic nomenclature for grasses follows Gould (1975) and for shrubs Scifres (1980) .
Methods
Six dense shrub clusters and 3 grass interspace areas within a 5-ha enclosure were encircled within non-weighing lysimeters in the summer of 1984. The average canopy area of the shrub clusters was 30 mZ and the shrub clusters were organized around a central mesquite tree (average basal diameter 0.2 m and 4.9 m tall). Mean species density was 60 shrubs per cluster. The nonweighing lysimeters were constructed by trenching around the perimeter of the treatment area to a depth of 2.5 m. The inside wall of the trench was double lined with plastic and the trenches were back-filled. Each lysimeter was approximately 5 m by 7 m long with the long axis parallel to the slope. Three shrub clusters were cleared by hand slashing and the debris was removed (hereafter referred to as bare soil). The area was sterilized with tebuthiuron' N-[5-(l,l-dimethylethyl)-1,3,4-thiadiazonal-2-y1)]-N,N'-dimethylurea (0.75 kg ai/ha) to prevent regrowth of herbaceous and woody vegetation. The remaining shrub clusters were left undisturbed.
Fiberglass sheets, 0.3 m tall, were used to form the sides and upper end of each lysimeter. Fiberglass sheets were glued to the plastic lining and inserted 0.1 m into the soil, creating a 0.2 m high border. A flume was constructed on the down-slope side to measure surface runoff. Four 2-m-long neutron access tubes were installed in each lysimeter in June of 1984. Soil water content was monitored with a calibrated neutron moisture depth gauge approximately once every 2 weeks. Volumetric water content (%) was measured at depths of 0. 075, 0.15, 0.30, 0.60, 0.90, 1.20, 1.50 , and 1.80 m.
A weather station was installed in a herbaceous vegetation clearing near the lysimeters. Weather variables measured were total rainfall and rainfall intensity with a standard rain gauge and tipping bucket, respectively, maximum and minimum temperature, and solar radiation. Normal rainfall based on the period of record from 1950-1980 was calculated from data collected in Alice, Tex.
Potential evapotranspiration (ETr,) was estimated with the 'Product name provided for convenience of the reader and does not imply or constimte an endorsement by USDA. where T is daily mean air temperature in degrees Fahrenheit and R, is solar radiation in langleys. Evapotranspiration was calculated by the water budget method as the residual of precipitation minus runoff and drainage, and any change in water stored in the store profile.
Estimation of percolation required that several soil attributes such as particle size distribution (texture), organic carbon (%), bulk density (g cm), gravimetric water content (g), porosity (E; %), soil moisture desorption curves, and saturated and unsaturated hydraulic conductivity (mm hr') be determined for each horizon in the lysimeters. Approximately 3 kg of homogenized soil, integrated over the entire soil horizon, was collected from the outside wall of the lysimeter. The soil was air dried and passed through a 0.002 m sieve.
The mean of 2 subsamples of the soil was used to test for differences in organic matter and hydraulic conductivity within each horizon across treatments. Bulk density was determined from a 0.011 m-' soil core removed from the center of each horizon along the outer wall of the lysimeters, A single subsample of homogenized soil was used to determine particle size distribution. Particle size distribution was measured by hydrometer method (Bouyoucos 1962) . Organic carbon and bulk density were determined by the Walkley-Blake method (Broadbent 1965 ) and the core method (Blake 1965) .
The mean of 2 gravimetric water content samples at each soil depth and tension were used to develop soil moisture desorption curves following methods outlined by Klute (1965a) . Gravimetric water content was determined at 0.01, 0.03, 0.1, 0.3, 0.5, and 1.5 MPa. Changes in volumetric water content (0,) over time at 1.5 and 1.8 m were estimated by taking the mean of 4 volumetric water content samples with a neutron probe at each sample date. The estimation of porosity and conversion of gravimetric to volumetric water contents followed methods outlined by Brady (1974) . Unsaturated hydraulic conductivity was estimated for the soil at 1.5 and 1.8 m (Campbell 1974) as:
where b is the slope of the line from a log-log transformation of the relationship between water potential (MPa) and 0,. Saturated hydraulic conductivity was determined as outlined by Klute (1965b) .
The mean unsaturated hydraulic conductivity value between 1.5 and 1.S m was then used in a one dimensional Darcy's law equation to estimate the potential percolation for each sample date.
Where D is the total water movement (percolation) over the time period (hr), K is the unsaturated hydraulic conductivity of the soil, H is the difference in volumetric water content at 1.5 and l.S m, and Z is the difference in height at the 2 depths. To estimate the total percolation of water between sample dates, the mean percolation rate between 2 successive sample periods was utilized. Percolation was calculated as the period of time (hr) between sample dates multiplied by the mean percolation rate.
Ten 0.5 by 0.5 m plots were used to determine a monthly leaf area index of the herbaceous vegetation inside the lysimeters using the lo-point frame technique (Levy and Madden, 1933) . Leaf area index was estimated as equal to the number of hits on live vegetation divided by the total number of pins lowered on the plot. Plots inside each lysimeter were permanently marked and were evaluated at monthly intervals. Leaf area index of the dominant shrubs within the shrub clusters were determined by using dimensional and regression analysis techniques (Kirmse and Norton, 1985; Ludwig et al., 1975) . The dimensional analysis technique estimated total leaf biomass for a shrub at a point in time. Leaf biomass was estimated at 6 times during the study. Leaf area (cm') of the shrubs was determined by using a leaf area meter. A regression relationship was established to predict leaf area from leaf biomass. Leaf area index for the shrub clusters was then estimated by multiplying the estimated leaf weight times the appropriate leaf area equation, summing the total leaf area and dividing by the surface area of the lysimeter.
Root densities in the soil profiles were estimated by counting the number of roots in a single 0.1 by 0.1 m quadrat per soil horizon. The quadrat was located in the center of each horizon along the outside wall of the lysimeter. Roots were divided into 4 size classes based on diameter to facilitate counting: 1) < 1 mm; 2) > lc2mm;3)>2c5mm;and4)>5mm.
The soil profile was divided into 3 soil layers for analysis of soil water content. The soil layers were O-O.6 m, 0.6-1.2 m, and 1.2-1.95 m and were chosen to evaluate the influence of evaporation (O-O.6 m), depth of root penetration of grass interspace (1.2 m) and depth of roots in the shrub clusters (1.95 m). Analysis of variance was used to test for differences in treatment means for soil water, evapotranspiration, runoff, and drainage (P < 0.05). Where appropriate, means were separated using Tukey's mean separation test (P < 0.05) (Steel and Tonie 1980) . 'hieans for bulk density in the third horizon are significantly different (P 5 0.05) based on Tukey's mean separation test.
Results and Discussion

Soils
There were minimal differences in physical attributes of the soils from bared areas, grass interspaces, and shrub clusters. The only significant difference attributable to location occurred with bulk density (Table 1) . Soils in the grass interspaces had significantly higher bulk density in the third soil horizon than did soil from either the shrub clusters or the bared areas. Greater soil bulk density in the grass interspaces supports field observations of a more highly developed argillic horizon in the grass interspaces.
bare soil resulted in a significant difference in stored soil water between the bare soil and the shrub clusters by the beginning of November (Fig. 3) . Soil water contents of the grass interspaces were intermediate. No deep drainage was estimated to have occurred within any of the treatments in 1984.
Root Density
Use of soil water by vegetation is a function of root density and rooting depth. Shrubs developed both surface lateral roots and relatively deep tap roots. Roots of the woody plants penetrated to 2 m. although the majority (83%) of their roots were in the top 1.2 m of the soil profile (Fig. 1) . Annual grass and forb roots extended to a depth of 1.2 m. The majority (95%) of the annual grasses' roots were in the upper 0.9 m of the soil profile, and no grass or forb roots were found below 1.4 m. There was no significant difference in root densities of the shrub cluster and grass interspaces from 0 to 0.65 m. From 0.9 to 2 m the density of woody plant roots beneath the shrub clusters was significantly greater than the density of grass roots in the grass interspaces.
Annual rainfall for 1985 was 125% of normal precipitation (last 30 years). The study area received 243% of normal rainfall in the first 6 months of the year. Rainfall exceeded potential evapotranspiration in December, 1984 and January, February, and May, 1985 . In contrast to the wet spring, the summer was extremely dry (19% of normal rainfall). Rainfall in the fall was approximately half of normal rainfall. This distribution provided the opportunity to determine the effect of evapotranspiration during periods of above normal rainfall (January-June), drought (July and August), and a period of below normal rainfall (September-
Evapotranspiration
Between August and December, 1984, 310 mm of rainfall was recorded at the site (Fig. 2) . There was no significant difference in soil water content among the 3 treatments at the beginning of the study (Fig. 3) . Evapotranspiration from the bare soil was significantly lower than that from either the shrub clusters or the grass interspaces (Table 2 and Fig. 4 ). There was no significant difference in annual evapotranspiration between the shrub clusters and grass interspaces. Lower evapotranspiration rates of the Grass inter-2.3 a 2.9 ab 2.9 a 1.2a space Shrub 2.4 a 3.4 a 1.8 b 1.5a cluster Weans followed by the same letter are not significantly different (P 5 0.05) based on Tukey's mean separation test.
'hIems followed by the same letter are not sigmticantly different (P 5 0.05) based on Tukey's mean sepamtion test. December).
Evapotranspiration accounted for 73%, 94%, and 99% of rainfall for 19S5 received by the bare soils, grass interspaces, and shrub clusters, respectively (Table 2 ). This corresponds with annual evapotranspiration rates as a percentage of rainfall for other semiarid grass and woodland plant communities (90-147%) (Rowe and Reimann 1961 , Gifford 1975 , and Carlson et al. 1990 ). Average annual daily evapotranspiration values were 2.4, 2.3, and 1.8 mm/day for the shrub clusters, grass interspaces, and bare soil, respectively. Average daily evapotranspiration for the grass interspaces and shrub clusters compares favorably with daily evapotranspiration rates from grasslands (1.4-4.2 mm/day) in Colorado and Tesas (Lauenroth and Sims 1976, and Carlson et al. 1990 ) and mesquite dominated rangelands in Arizona (1.6-2.5 mm/day) and Texas (OS-5 mm/day) (Gatewood et al. 1950 , Trombel 1977 , and Dugas and Mayeux 1991 .
Potential evapotranspiration is usually twice actual evapotranr---_ .
----I d spiration in south Texas and potential evapotranspiration may be greater than 3 times evapotranspiration during dry years (Dugas and Ainsworth 1983) . Annual evapotranspiration did not differ significantly between the shrub clusters and the grass interspaces (Table 2 ). There was a significant difference in the pattern of soil water use and seasonal evapotranspiration ( Fig. 3 and 4) . Average daily evapotranspiration rate from the shrub clusters was signiticantly greater than that from the bare soil during the spring (Table 3) . Average daily evapotranspiration rates from the grass interspaces was similar to the shrub clusters and the bare soil. Dugas and Mayeus (1991) , also working in Tesas, reported that evapotranspiration was similar between grass and mesquite dominated landscapes when soil water availability was high. Average daily evapotranspiration from the grass interspaces during the drought was significantly greater than that from the shrub clusters or bare soils (Table 3) . Wan and Sosebee (1991) also reported substantial variability in transpiration rates for honey mesquite between wet and dry periods. Average daily evapotranspiration of shrub clusters was significantly greater than the daily evapotranspiration of the bare soils. The lower evapo- transpiration rate of the grass interspaces during the spring result-soil water content was similar for all 3 treatments at the begined in a significant difference in total soil water content between ning of the study in August of 1984 (Fig. 3) . By January of 1985 the shrub clusters and grass interspaces from January through the soil water content was significantly greater in the grass intermiddle of August (Fig. 3) . Soil water content of the grass inter-spaces and bare soil areas than the shrub clusters. Soil water conspaces at the initiation of the drought was 150% higher than the tent of the bare areas was significantly greater than that of the previous year. Annual grasses and forbs in the grass interspaces shrub clusters for the remainder of the study. Soil water content utilized this stored soil water to compensate for the reduction in of the grass interspace was significantly greater than that of the rainfall to sustain higher evapotranspiration rates and leaf area shrub clusters from January through the middle of July. Soil than the shrub clusters. Shrub cluster's leaf area decreased by water content of the grass interspaces was similar to that of the 50% with a corresponding decrease in evapotranspiration rates shrub clusters during the drought. In the fall, the reduced evapo-(47%) in response to the reduced water availability during the transpiration rate of the grass interspaces resulted in significantly drought. By September the grasses had utilized the available soil more water being stored in the soil profile beneath the grass interwater and leaf area had decreased 90% in the grass interspaces.
spaces than the shrub clusters. A similar study using non-weighing lysimeters to contrast evapotranspiration from mesquite, herbaceous, and bare soil was initiated in northern Texas in 1986 (Carlson et al. 1990 ). They found that evapotranspiration was greater from bare soil than from the vegetated sites during an extended dry period. They attributed the increased evapotranspiration from the bare soil to 2 factors. The bare soil had more available water within the soil profile at the initiation of the drought than the vegetative treatments and to differential soil cracking between treatments. The vegetated sites had more canopy and litter cover than the bare soil treatment which reduced the depth of soil cracking during the extended dry period. In contrast, deep cracking was observed within the bare soil which allowed evaporation to occur from deeper within the soil profile (up to 0.8 m). Sturges (1983) found that grass in areas where sagebrush had been controlled used more water from the 0 to 0.9 m soil layer that did vegetation on the untreated sagebrush site. However, the sagebrush used more water than did the grass from the total soil profile (O-l .8 m). Johnson (1970) reported that aspen extracted water to a depth of 3 m, while herbaceous-covered areas extracted water to a depth of only 1.2 m. In the bare soil control area evaporation was limited to the surface 0.6 m of the soil profile.
Daily evapotranspiration rates of all 3 vegetation treatments were similar from September through the end of the year. Stored soil water was similar between the grass interspaces and shrub clusters in September. With the onset of fall rains the shrub clusters responded with an immediate increase in evapotranspiration rate and significantly reduced the stored soil water. There was a 3-week lag in evapotranspiration rates from the senescent grass interspaces as new leaf area was produced in the fall. Lower evapotranspiration rates of the bare soil and grass interspaces during the fall resulted in a significant increase in stored soil water content over the shrub clusters. This study and the data reported by others indicate that mesquite and mesquite-dominated shrub clusters are facultative phreatophytes.
Grass interspace had significantly more water in the surface soil profile (O-O.6 m) than the shrub clusters for the first 6 months of 1985 (Table 4) . Soil water contents in the surface soil profile beneath grass interspaces and shrub clusters were similar during the drought and both were significantly less than the bare soil. Bare soil contained significantly more water in the subsoil (0.6-1.2 m) than the shrub clusters for the entire year (1985) but was similar to the grass interspace during the first 6 months of the year. Soil water contents in the grass interspaces were significantly greater than the shrub clusters at the beginning of the year. By the end of the drought the soil water contents in the subsoil beneath the grass interspaces and the shrub clusters were similar. Water content of the lower soil profile (1.2-l .95 m) did not differ significantly among vegetative treatments throughout the year. Bare soil accumulated significantly more water by January than the shrub clusters did, and this difference was maintained for the remainder of the study.
Runoff
The higher evapotranspiration rate and the reduction of stored soil water beneath the shrub clusters can be attributed in part to higher interception losses. Although there was no direct measurement of canopy and litter interception during the study, the interception rate of the shrub clusters is estimated to be approximately 15% of annual rainfall based on work in other shrub dominated plant communities. Annual interception losses for chaparral communities in California range from 8 to 20% of annual rainfall (Rowe 1948 , Hamilton and Rowe 1949 , and Corbett and Crouse 1968 . Thurow et al. (1987) , working in central Texas, estimated that for oak mottes, midgrass, and shortgrass dominated areas, canopy interception of annual rainfall was 25%, 18%, and ll%, respectively.
Runoff is often assumed to be zero on arid and semiarid range- lands (Lauenroth and Sims 1976 , Wight et al. 1986 , and Gee and Kirkham 1984 . Measured annual surface runoff accounted for 1 to 10% of rainfall in 1984. Runoff from the bare soil was significantly greater than from either the shrub clusters or grass interspaces. There was no difference in runoff between the shrub clusters and grass interspaces in 19X4. Annual surface runoff from the shrub clusters, grass interspaces, and bare soil was 1,3, and lO%, respectively, of rainfall in 1985. Surface runoff was significantly greater from bare soil than from either the grass interspaces or the shrub clusters in 1985. Annual surface runoff from the grass interspaces was 32% greater than that from the shrub clusters although there was no statistical difference. The 2 largest rainfall events (> 100 mm) occurred within a 5-day period in May, 1985. The average rainfall intensity of these 2 storms was 48 mm/hr. The surface runoff from the grass interspace areas from these 2 storms was significantly greater (60%) than that from the shrub clusters. More than 50% of the surface runoff, regardless of vegetation cover, was the result of these two large rainfall events. Grass and shrubs intercept a significant portion of incident rainfall (Rao 1987 , Thurow et al. 1987 , Calheiros De Miranda and Butler 19X6, Tromble 1983 , Young et al. 1984 , Burgy and Pomerory 1958 , Corbett and Crouse 1968 , and Hamiltion and Rowe 1949 and thus reduce the impact of falling raindrops. Raindrops impinging directly on a bare soil surface dislodge soil particles which clog soil pores and increase surface runoff (Osbom 1954) . Depending on the plants' morphological characteristics and growth form, much of the intercepted rainfall is channeled to the base as stemflow (Young et al. 1984 , Glover et al. 1962 , and Gwynne 1966 . Litter accumulation at the base of the shrubs alters the microclimate resulting in increased root density and macroporosity, and prevents crusting of the soil surface. Initially, there were micro-depressions throughout all three vegetation treatments and the soil surface was granule. After the first several rainfall events a surface crust (2-3 mm thick) formed on the bare soil. Micro-depressions were tilled with sediment after the first large rainfall event (> 20 mm). creating a uniform gradient to the flume on the bare soil.
In the grass interspaces and shrub clusters the plants aided microrelief development and stability and prevented crusting of the soil surface. Numerous debris dams were noted in both the grass interspace and shrub clusters. Micro-depressions and debris JOURNAL OF RANGE MANAGEMENT 48(l), January 1995 dams increased retention time of water on the soil surface and decreased surface runoff. The increase in surface runoff from the bare soil was attributed to a reduction in infiltration rate, detention storage and surface roughness caused by soil crusting, and the erosion and leveling of the coppice dunes associated with the shrubs.
Drainage
Deep drainage from the bared soils was significantly greater than that from soils with vegetative cover and is attributed to a wetter profile from reduced total evaporation and not due to differences in macropores. The quantity of water lost through deep percolation was similar for the grass interspaces and the shrub clusters from January through April 1985. Deep drainage began in the grass interspaces in late May and continued through July. The hypothesis that water reaches depths below active root uptake in the grass interspaces is supported by the presence of soil mottling in the lower portions of the soil profile. No soil mottling was present beneath the shrub clusters or the bare soil. No deep drainage occurred beneath the shrub clusters during the study. Deep drainage beneath the bared soil areas began in late February and continued throughout the remainder of the year. When the soil water content was above 35% (by volume) in the lower soil profile, deep percolation occurred. Conditions favorable for initiation of percolation were prolonged periods of above normal rainfall during the dormant and early growing season. Only 20 mm of water was added to the lower soil profile of the shrub clusters. More than 80 mm of water was added to the lower soil profile within the grass interspaces, including 22 mm of water lost through deep percolation.
Summary and Conclusions
Shrub clusters responded more quickly to available soil water in both the spring and fall than did the grass interspaces. Shrub clusters transpired water whenever soil water was available. Shrub cluster transpiration rate was greater than the unsaturated flow rate, thus precluding any substantial downward movement of water into the lower soil profile. Winter and early spring rainfall was more effective than either summer or fall rainfall in recharging the soil profile. Maximum recharge of the soil profile occurred when rainfall exceeded potential evapotranspiration. High potential evapotranspiration demand during the summer and fall prevented recharge of the lower soil profile, regardless of vegetative cover. Evapotranspiration rates were greatest following rainfall events and higher from the grass interspaces than from the shrub clusters through the first 2 months of drought. Higher evapotranspiration rates of the grass interspaces during the summer was a function of the greater quantity of available soil water at the beginning of the drought. Evaporation from the bare soil was limited to the surface 0.6 m of the soil profile.
Soil water was extracted first from the upper horizons of the soil profile regardless of vegetative cover. As the surface horizon dried out, the water was extracted from progressively lower horizons. Once the water was beyond the active root zone in the grass interspaces, it continued to percolate as unsaturated flow and was not available for evapotranspiration. Evapotranspiration and runoff were essentially the same for the grass interspaces and Literature Cited
